This is an Open Access article licensed under the terms of the Creative Commons AttributionNonCommercial 3.0 Unported license (CC BY-NC) (www.karger.com/OA-license), applicable to the online version of the article only. Distribution permitted for non-commercial purposes only. Abstract Background/Aims: Neuroserpin (NSP) is known for its neuroprotective role in cerebral ischemic animal models and patients. Our laboratory conducted a series of investigations on the neuroprotection of NSP in different cells in the brain. In the present study, we further observe the effects of NSP on neurons and microglia-mediated inflammatory response following oxygen-glucose deprivation (OGD), and explore possible mechanisms related to neuroprotection of OGD in the central nervous system (CNS). Methods: Neurons and microglia from neonatal rats were treated with OGD followed by reoxygenation (OGD/R). To confirm the effects of NSP, the neuronal survival, neuronal apoptosis, and lactate dehydrogenase (LDH) release were measured in cultured neurons. Furthermore, the levels of IL-1β and nitric oxide (NO) release were also detected in cultured microglia. The possible mechanisms for the neuroprotective effect of NSP were explored using Western blot analysis. Results: NSP administration can reverse abnormal variations in neurons and microgliamediated inflammatory response induced by OGD/R processes. The neuronal survival rate, neuronal apoptosis rate, and LDH release were significantly improved by NSP administration in neurons. Simultaneously, the release of IL-1β and NO were significantly reduced by NSP 
Introduction
Neuroserpin (NSP) is known to inhibit tPA and plays critical roles in cerebral development, neuronal survival, and synaptic plasticity [1] . The neuroprotective role of NSP has received widespread attention, although these mechanisms have been poorly understood. NSP demonstrates widespread neuroprotective effects not only on stroke but also on neurodegenerative disorders [2] [3] [4] [5] in both patients [6] and animal models [1, 7, 8] . Recently, the neuroprotective role of NSP on ischemic/hypoxia cerebral cells has been increasingly investigated. As early as 1999, Docaqne et al. found that NSP was expressed in both neurons and astrocytes [9] . Rodriguez-Gonzalez et al. reported that oxygen-glucose deprivation (OGD) processes induced morphological changes and increased cell death in mixed cortical cultures containing both astrocytes and neurons, whereas NSP administration could reverse these changes [10] . Our laboratory also conducted a series of studies on different cells that comprise the central nervous system (CNS). Our previous study verified the neuroprotective effects of NSP on astrocytes. We found that OGD followed by reoxygenation (OGD/R) reduced the astrocyte survival rate, enhanced release of relative lactate dehydrogenase (LDH), nitric oxide (NO), and TNF-α. However, NSP administration might reverse these variations, namely by reducing the release of LDH, NO, and TNF-α as well as by enhancing the survival rate of astrocytes. We found that the expression of p-IKKBα/β and P65 were upregulated by the OGD/R processes, and these effects were significantly reversed by NSP administration. The NSP-induced amelioration could be significantly reversed by the administration of sc3060, an NF-κB pathway inhibitor. Thus, we concluded that the inhibition of NF-κB signaling pathways may be a potential mechanism in the protective effects of NSP on astrocytes [11] . Neurons and microglia are the other important components in the brain. It is interesting to verify whether NSP exerts neuroprotective effects on neurons and microglia-mediated inflammatory response.
Neurons, also known as nerve cells, are the core components of the CNS. Neurons can form a neural network through dendrites and axons, which are electrically excitable. Neurons along with the neural network are the basis for neurological functions [12] . In this regard, the neuroprotection of injured neurons may improve brain functions, which is beneficial for several neurological diseases. Microglia are known as the resident macrophages of CNS, which play a crucial role in active immune defense mechanism in the CNS. Microglia are a type of glial cell different from astrocytes. They are lesser in number than astrocytes [13] but are also distributed over a larger range in the CNS [14] . Traditionally, microglia have been regarded as "scavenger cells," which can eliminate damaged neurons, plaques, and other infectious agents. When antibodies or infectious agents cross the blood-brain barrier or are introduced into the CNS directly, microglia must promptly phagocytose them and reduce inflammation to maintain the stability of the CNS. In this regard, microglia are very sensitive to even small stimuli [15] . Therefore, microglia are crucial for maintaining the normal functions of the CNS. Recently, the roles of microglia in chronic neuroinflammation, aging, neurodegeneration, infections, and neuropathic pain are increasingly being emphasized. Because of the crucial roles of neurons and microglia in the CNS, the verification of neuroprotective effects of NSP on neurons and microglia-mediated inflammatory response is very important for clarifying the biological significance of NSP. On the basis of previous [10] and astrocytes [11] as part of a series of studies in our laboratory, the aim of the present study is to verify the neuroprotective effects of NSP on neurons and microglia-mediated inflammatory response. It has been reported that besides neurons, NSP linked to the differentiation and activation of the human myeloid lineage [16] . In a murine model of chronic arterial-wall inflammation, NSP treatment has been shown to block vascular inflammatory cell responses and suppress proinflammatory Th1 lymphocyte differentiation [17] . Recently, it was observed that NSP treatment also significantly reduced macrophage infiltration in tumors [18] , revealing that NSP may have important regulatory effect on macrophage/microglia. Furthermore, we here attempted to explore potential mechanisms involved in the neuroprotective effect of NSP on microglia-mediated inflammatory response.
Materials and Methods

Preparation of neurons and microglia
All cells were acquired from newborn Sprague-Dawley rats (age, <24 h; Shanghai Institute of the Chinese Academy of Science, China). All rats were carefully treated as per the National Institute of Health Guidelines for the Care and Use of Laboratory Animals. All experimental procedures were approved by the Animal Care and Use Committee of Fudan University (authorization No: 061105308). Rats were deeply anesthetized by the intraperitoneal injections of sodium pentobarbital (50 mg/kg body weight); their cortical hemispheres were removed from the skull and meninges.
Primary cortical neuron cultures were prepared as described previously [19, 20] . Briefly, the tissues were dissociated by digestion using 0.125% trypsin for 10 min at 37°C with gentle trituration. The homogenate was placed in 96 well plates or 100 mm dishes at a density of 3-10 × 10 5 cell/mL and maintained at 37°C in a humidified 5% CO 2 incubator. Neurons were cultured in Dulbecco's modified Eagle's medium (DMEM; Sigma-Aldrich) containing L-glutamine plus 10% fetal bovine serum (FBS; Hyclone, Thermo Scientific, Waltham, USA) and 10% horse serum. This was then replaced with neurobasal, a medium supplemented with 2% B27 and 0.5 mM L-glutamine every 3-4 days. Cultures were treated with 5-fluoro-2-deoxyuridine and uridine on the third day after plating to suppress glial growth. Under these conditions, neuronal purity exceeded 90%, which was evaluated by immunocytochemical staining with antibodies against neurofilament proteins and glial fibrillary acidic proteins. These cells were used for the following in vitro experiments between day 8 and 10 (DIV 8-10).
Glial cells were isolated from the homogenate and were placed in a 75 cm 2 flask at a density of 2 × 10 5 cells/mL of DMEM (Sigma-Aldrich) supplemented with 20% FBS. The flasks were then placed in a humidified atmosphere containing 5% CO 2 and 95% air at 37°C. The culture medium was changed every 48-72 h. Microglia cells were isolated by shake from the mixed glial population when mixed glial cells were confluent (12-14 days) [21] . The purity of microglia was confirmed by immunofluorescence labeling using CD11b, a marker of microglia (concentration, 20 μg/mL; Abcam, UK).
Processes of oxygen-glucose deprivation followed by reoxygenation (OGD/R)
The OGD/R processes were performed as previously described [11, 22, 23] , with minor modifications. Briefly, the original glucose-containing media were removed from all treatment groups and kept aside for future use. Neurons or microglia were washed three times with deoxygenated glucose-free extracellular fluid (ECF) containing the following components: 140 mM NaCl, 5.4 KCl, 25 mM HEPES, 20 mM glucose, 1.3mM CaCl 2 , 1.0 mM MgCl 2 , 0.0005 mM TTX (pH 7.4), and 320-335 mOsm]; then, they were incubated in that fluid at pH 7.4 for OGD in an anaerobic chamber (Model 1025; Forma Scientific) with an atmosphere (<0.1% of O 2 ) containing 85% N 2 , 10% H 2 , and 5% CO 2 at 37°C. In this study, OGD was continued for 1.5 h for neurons as opposed to a 3-h OGD for microglia. OGD was terminated after 90 min by removing cultures from the chamber, washing the cultures with oxygenated glucose-containing ECF, adding the original media, and incubating the cultures at 37°C in a normoxic incubator for 0-24-h R, according to the experimental design. The control cells were washed and incubated in a normoxic incubator throughout the common normoxic astrocyte-culturing medium (blank control).
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Administration of NSP We adopted a method similar to that conducted in our previous study [11] ; briefly, recombinant human NSP (PeproTech, USA) was diluted with MEM containing 10% FBS at 24 h before the experiments. NSP (25 μg/ml) was randomly added to the cultured neurons and microglia (100 µL/well) in a 96-well filter plate (AcroPrep, USA). We subjected NSP solution to OGD treatment for 1.5 h followed by 4h R (1.5h OGD/4h R) for neurons, and OGD treatment for 3 h followed by 24h R (3h OGD/24h R) for microglia.
Immunocytochemical staining for neurons
Cells were grown on glass coverslips for 8 days and exposed to OGD/R processes (OGD1.5hR4h for neurons, while OGD3hR24h for microglia) or a blank control; then, they were fixed for 10 min in 0.1M PBS containing 4% paraformaldehyde. After washing in PBS, cells were permeabilized for 15 min in PBS-T (0.3% Triton X-100 in PBS), blocked in PBS-T containing 3% FBS and then incubated with rabbit anti-ASIC1a and mouse anti-MAP2 monoclonal antibodies (Beyotime, China) in PBS-T containing 3% FBS overnight at 4°C. After three washes in PBS, cells were incubated for 1 h with rhodamine-labeled anti-mouse (Beyotime, China) and FITC-labeled anti-rabbit secondary antibodies (Beyotime, China) at room temperature in the dark. Immunostained neuronal cells were then incubated with Hoechst 33342 (10 μg/mL; Beyotime, China) for 10 min and washed three times in PBS. Fluorescent labeling was then visualized under a fluorescence microscope (Olympus BX 51, Japan) equipped with adequate filter cubes.
Cell viability assay
Cell viability was assessed by WST-8 assay using a Cell Counting Kit-8, according to the manufacturer's instructions, which forms colored formazan based on cellular dehydrogenase activity in viable cells. At the indicated time points, 10 μL Cell Counting Assay Kit-8 solution was added to each well, and cells were incubated for another 1-2 h at 37°C. The results are expressed as the percentage of viable cells relative to untreated controls by absorbance at 450 nm with a reference wavelength of 630 nm measured using a microplate reader (Spectra Max M7; Molecular Devices, USA). Each experiment contained eight readings for one experimental condition.
TUNEL staining for the evaluation of neuron apoptosis
Neuronal apoptosis was evaluated by a method of the terminal deoxynucleotidyl transferase (TdT)-mediated dUTP nick end labeling (TUNEL) [24] . Briefly, in the present study, TdT binds to the exposed 3′-OH ends of the DNA fragments generated in response to apoptotic signals, where it catalyzes the addition of biotin-labeled and unlabeled deoxynucleotides. Biotinylated nucleotides are detected using a streptavidinhorseradish peroxidase (HRP) conjugate. The labeled samples were treated with diaminobenzidine (DAB) to generate an insoluble colored substrate at the site of DNA fragmentation. Counterstaining with methyl green aided in the morphological evaluation and characterization of normal and apoptotic cells. Then, cortical cell cultures (DIV 8) were plated on glass coverslips and fixed in 4% paraformaldehyde in PBS, before being subjected to TUNEL staining using the FragEL TM DNA Fragmentation Detection Kit (Calbiochem, USA), according to the manufacturer's instructions. The cells were examined under a light microscope (Olympus BX51, Japan). The number of TUNEL-positive (apoptotic) cells that appeared dark brown and the total number of cells that appeared as a mixture of dark brown and bluish-green were determined in eight randomly chosen microscopic fields, each at a magnification of 200×. Data were expressed as the ratio of apoptotic neurons to the total number of neurons.
The measurement of LDH release LDH release was measured following a classic method [11, 25] . Briefly, the medium (50 μL) was shifted from the culture well to a 96 well plate and mixed with a 50 μL of reaction mixture with a commercial LDH detection kit (Sigma, USA). The mixtures were incubated at 23°C in the dark for 30 min; then, 50 μL of stop solution was added to each well. After 30 min, the absorbance was read using a microplate reader (492 nm; Thermo, USA). The maximum LDH release was investigated in each well at the end of each experiment following repeated freezing and thawing. Each experiment was performed in triplicates, with each experiment containing eight readings. Results are expressed as a percentage of the maximum LDH release, after subtracting background levels determined from the medium alone.
The measurement of nitric oxide (NO) and IL-1β
Enzyme-linked immunosorbent assay (ELISA) was employed to measure the release of NO and IL-1β from microglia by NSP using the NO ELISA kit and IL-1β ELISA kit (ADL, USA), according to the manufacturer's instructions. NO was measured as described in our previous study [11] . In brief, a standard curve was generated to detect concentrations between 1 and 100 μM of nitrite per well. Then, 100 μL microglia solutions were centrifuged at 10,000 g at 4°C for 2 min, and the clarified supernatant was recovered. Ice-cold (5%) metaphosphoric acid (Sigma-Aldrich) was mixed with clarified samples in a ratio of 1:1 (v:v; mixing and centrifuging at 10,000 g for 5 min). Supernatants along with standards were exposed to nitrate reductase for 1 h at room temperature (23°C) to transform nitrate to nitrite. Using the enhancer, we employed Griess reaction reagents to convert nitrite to a purple azo-chromophore compound. Optical density was measured using a microplate reader (Multiscan MK3; Thermo Labsystems, USA) at 450 nm with a wavelength correction at 570 nm. IL-1β was measured according to the manufacturer's instructions.
Western blot analysis
A standard Western blot analysis was employed to clarify the potential effect of NSP on microglia MAPK pathway [26, 27] . We added the NSP into cultured microglia and adjusted the concentration of the NSP to 25 μg/ml for 1 h; the cells were treated with OGD3h followed by 24 h of reoxygenation (OGD3hR24h). The blank control group was not subjected to the OGD/R treatment. After OGD/R, the cells were subjected to Western blot analysis. As previously described [11] , microglia were scraped into lysis buffer A (10 mM HEPES, pH 7.4; 10 mM KCl; 0.1 mM EDTA; 0.1 mM EGTA; 1 mM DTT; 1 mM PMSF; 1 μg/mL aprotinin; and 1 μg/mL leupeptin) and centrifuged at 14,000 g for 10 min. Supernatants were collected and used as cytosolic fractions, whereas pellets were resuspended in lysis buffer B (20 mM HEPES, pH 7.4; 400 mM NaCl; 1 mM EDTA; 10% glycerol; 1 mM DTT; 1 mM PMSF; 1 μg/mL aprotinin; and 1 μg/mL leupeptin) and incubated on ice for 30 min. Then, we centrifuged these lysates at 14,000 g for 15 min and collected supernatants. Protein concentrations in the supernatants were measured using the BCA protein assay kit (Pierce Manufacturing, USA), and samples containing equal amounts of protein (30 μg) were subjected to electrophoresis on 10% SDS-polyacrylamide gels. After transfer to nitrocellulose membranes, the membranes were incubated in 4% milk in PBS for 1 h at room temperature and then incubated for 12 h at 4°C with antibodies (diluted 1:1000) against ERK1/2 (t-ERK1/2; Kangchen, China), phospho-ERK1/2 (p-ERK1/2; CST Co, USA); P38 (Kangchen，China), phospho-P38 (Kangchen，China), JNK (Kangchen，China), and phospho-JNK (Santa Cruz, USA), flowed by corresponding peroxidase-conjugated anti-rabbit or anti-mouse secondary antibodies (Santa Cruz Biotechnology, USA). The bands were visualized using chemiluminescence reagents provided with the ECL kit (Santa Cruz Biotechnology, USA). Densitometry was performed as the index of quantitative analysis using the Quantity One software (version 4.2.2, BioRad Laboratories, USA).
Data analysis and statistics
All experiments were repeated at least three times in separate cell preparations and the average data were calculated. Data were recorded as the mean ± standard error and were analyzed using the SPSS 13.0.0 software (SPSS, USA). Two-way ANOVA was used for comparisons. P < 0.05 was considered statistically significantly. All the tests were two-sided. Figure 1 shows the protective effects of NSP on neurons treated by OGD/R. Figure 1A shows the morphological variations of cultured neurons indicated by OGD/R processes; the left column is an image of normal cultured neurons, which are round-shaped with abundant dendrites. The middle column is an image of neurons that had undergone OGD/R processes. The number of neurons reduced and dendrites disappeared, which indicated the neurotoxic effects of OGD/R processes. The right column shows that NSP can protect from neuron injury induced by OCD/R processes.
Results
The neuroprotective effects of NSP on neurons
The survival rate of neurons was significantly reduced after OGD 1.5h/R4h (Fig. 1B , p < 0.01, OGD/R group vs. blank control). However, the administration of NSP significantly 1B , p < 0.01). The rate of neuron apoptosis was significantly increased after OGD1.5h/ R4h (Fig. 1C , p < 0.01, OGD/R group vs. blank control). However, the administration of NSP significantly decreased the rate of neuron apoptosis (Fig. 1C , p < 0.05). The LDH release from neurons dramatically increased after OGD1.5h/R4h (Fig. 1D , p < 0.01, OGD/R group vs. blank control). However, the administration of NSP significantly decreased LDH release (Fig. 1D , p < 0.05). The results demonstrate the neuroprotective effects of NSP in cultured neurons. Figure 2A shows the morphological changes of microglia induced by OGD/R processes. The left column is an image of normal cultured microglia. The shape of a normal microglia is characteristic, namely spindle-like cells with long branches. The right column is an image of microglia that had undergone OGD/R treatments. The density of the cells was reduced and the cells became rounded and wrinkled ( Fig.  2A) . Microglia that had undergone OGD 3h exerted significantly higher production of IL-1β, while no significant difference was found among these OGD 3h groups (Fig. 2B) . In addition, NO release from microglia exhibited a progressive increase by OGD3h following different reoxygenation processes, while OGD3h/R24h reached a peak (Fig. 2C) . 
The neurotoxic factors from microglia induced by OGD/R processes
We consider that IL-1β and NO derived from microglia could be related with neuroinflammation and neuron injury in the CNS. Figure 3A shows the morphological variations of microglia by OGD 3h/R24h processes and the administration of NSP. The left picture is an image of normal microglia, while the middle column is an image of microglia that had undergone OGD/R processes. The administration of NSP can reduced the loss of microglia induced by OCD/R processes (Fig. 3A) . The release of 4 . NSP-induced inhibition of the MAPK pathway on microglia treated by OGD/R. Primary microglia were cultured and treated with OGD3h/R24h or or OGD1.5h/R24h + NSP. Protein extracts were prepared from cultured microglia, and the expression of ERK1/2, p38, and JNK was measured by Western blot. * p < 0.05 for both OGD/R groups vs. non-OGD/R group and NSP group vs. non-NSP group.
NSP-induced inhibition of IL-1 and NO release from microglia treated by OGD/R
IL-1β from microglia was significantly increased after OGD3h/R24h (Fig. 3B, p<0 .05, OGD/R group vs. blank control). However, the administration of NSP significantly decreased IL-1β release (Fig. 3B , p < 0.05). The NO release significantly increased after OGD3h/R24h (Fig. 3C , p < 0.05, OGD/R group vs. blank control). However, the administration of NSP significantly decreased NO release (Fig. 3C, p < 0.05) .
NSP-induced inhibition of the MAPK pathway on microglia treated by OGD/R
Western blot analysis was used to assess the activation of the mitogen-activated protein kinase (MAPK) pathway, including the expression of ERK, P38, and JNK. As shown in Fig.  4 , OGD3h/R24h processes triggered the upregulation of ERK, p38 and JNK expression (p < 0.05 respectively), while the administration of NSP significantly inhibited the expression of ERK, P38, and JNK protein (Fig. 4, p < 0.05 respectively) . Taken together, these results demonstrate that IL-1β and NO derived from microglia may contribute to neuron damage, and that NSP-mediated inhibition of inflammatory molecules should be neuroprotective in the CNS.
Discussion
The neuroprotective effects of NSP have been widely reported in stroke subjects with complicated and uncertain mechanisms. The aim of the present study is to verify the neuroprotective role of NSP on neurons and microglia-mediated inflammatory response. To the best of our knowledge, it is the first investigation regarding the neuroprotective effects of NSP on neurons and microglia-mediated inflammatory response. The importance of this study corroborates our recently published study on astrocytes [11] and intracerebral hemorrhage mouse models (manuscript submitted), where we have verified the neuroprotective effects of NSP on neurons, microglia-mediated inflammatory response, and astrocytes in vitro, respectively. These findings are beneficial in achieving a deeper insight into the physiological mechanisms of NSP and in contributing to the development or implementation of NSP as a potential neuroprotective agent for treating stroke in the future.
The CNS is certainly the most important part of the nervous system, and comprises neurons and glial cells, including astrocytes (20%-40%) [28] , microglia (10%-15%) [13] , and oligodendrocytes. Glial cells are crucial in maintaining the normal function of the CNS as "supporting cells," which contribute to the supply of nutrients and oxygen to neurons (astrocytes). Furthermore, glial cells insulate, surround, and hold neurons (oligodendrocytes) as well as remove the dead neurons or other foreign bodies directly introduced into the CNS (microglia). For stroke, other than the oligodendrocytes, which provide support and insulation to axons in the CNS, the most important cells are neurons, astrocytes, microglia, and cerebrovascular endothelial cells [29] . In previous studies, we have confirmed the neuroprotective effect of NSP on the cerebrovascular endothelial cells (data not shown). In this study, we observed the neuroprotective effect of NSP on neurons and microglia under the ischemic/hypoxic condition. We found that the OGD3h/R4h processes induced morphological variations of neurons (Fig. 1A) , and reduced the rate of neuron survival (Fig.  1B) as well as increased the rate of neuron apoptosis (Fig. 1C) and LDH release (Fig. 1D) . The administration of NSP significantly reversed these changes, although this amelioration did not return to the normal level (Fig. 1) . Similarly, we found that OGD/R processes also caused morphological changes on microglia ( Fig. 2A, 3A) , significantly enhancing the release of IL-1β (Fig. 2B, 3B ) and NO (Fig. 2C, 3C ), whereas these changes were significantly reversed by the administration of NSP (Fig. 3) . These results confirmed the neuroprotective effects of NSP directly on neurons or indirectly by microglia-mediated inflammatory response and/or oxidative stress. Considering the previous studies about the role of NSP on astrocytes [11] and cerebrovascular endothelial cells (data not shown), the results in this study demonstrate that NSP may achieve the neuroprotective effect through a variety of resident cells (such as neurons, microglia, astrocytes, oligodendrocytes, vascular endothelial cells and their signaling networks in the brain. These findings are very important in evaluating the worth of NSP as a potential neuroprotective agent for stroke. Because it acts on all the important cells of the CNS affected by stroke, it is possible that NSP can act as a potential neuroprotective agent for stroke. However, we still do not know whether this neuroprotective effect is associated with tPA, and whether NSP shows neuroprotection towards oligodendrocytes, which should be included in the future work of our laboratory.
Another finding seems to indicate that the inhibition of MAPK signaling pathway may play a role in microglia-mediated NSP neuroprotection. It is documented that MAPK signaling pathway is involved in inflammation in various cells [30] . Three families of MAPK pathways, namely ERK, JNK and p38 have been understood [31] . We have known activation any of the three pathways (ERK, JNK and p38MAPK) is harmful, while suppression of any of the three MAPK pathways (ERK, JNK and p38MAPK) can alleviate the injury, is therefore protective [30, 32] . Our date showed that OGD3h/R24 treatment significantly upregulated expression of all the three pathways, namely ERK, p38, and JNK, whereas the administration of NSP significantly, reversed this upregulation (Fig. 4) . These results support that ERK, p38 and JNK are related to the NSP neuroprotection, which should be verified using an antagonist/ agonist of the MAPK pathway in our future study. In comparison with the findings for astrocytes, which indicated that the protective effects of NSP on astrocytes is associated with the NF-κB signaling pathways other than the MAPK and PI3K/Akt pathways [11] , the findings of our study is very interesting. With regard to the neurons, we still do not know which signaling pathways (MAPK, PI3K/Akt or NF-κB?) are involved in the neuroprotection on them. Our future work will detect the related signaling pathways on neurons and will attempt to achieve a better understanding of the signaling pathways involved in the NSP neuroprotection on brain cells.
In the present study, we did not adopt the same methods to detect death of microglia as what we had done on neurons (Fig. 1 ) and on astrocytes [11] because of the complicated biological characteristics of microglia. We got to know microglia are the resident macrophages in the CNS, which play roles in active immune defense. This means microglia is a double-edged sword including neurotoxicity and neuroprotection [33] . It is difficult to judge it is harmful or beneficial just simply increase or removal microglia itself. We therefore abandoned the experiments of detecting the survival rate or apoptosis rate on microglia. Instead, we found that investigation of the microglia-mediated inflammatory response, namely measurements of the neuroinflammatory molecules like IL-1β and NO may have better clinical significance as to the neuroprotection of NSP concerning microglia.
In conclusion, the present study verified the neuroprotective effects of NSP on neurons and microglia-mediated inflammatory response. Together with our previous investigations on astrocytes and cerebrovascular endothelial cells, we consider that the neuroprotection of NSP acts on several cells in the CNS that are affected by stroke. NSP could be considered as a potential new neuroprotective agent for treating stroke. Another finding in the present study is that NSP neuroprotection on microglia-mediated inflammatory response may be related to the MAPK signaling pathway, which needs to be verified in our future investigations. 
